abstract BACKGROUND: This study aimed to assess the sensitivity and specificity of the Bayley Scales of Infant and Toddler Development, Third Edition (Bayley-III), Cognitive and Language scales at 24 months for predicting cognitive impairments in preterm children at 4 years.
For decades the Bayley Scales of Infant Development (BSID) have been used for the early identification and quantification of developmental delay and to determine eligibility for early intervention services in infants. One limitation of the first and second editions of the Bayley scales (BSID and BSID-II) 1 ,2 is that they provided only 2 broad developmental indices: the Mental Development Index (MDI), which evaluated early cognitive and language development, and the Psychomotor Development Index, which evaluated early fine and gross motor development. These broad indices lacked the capacity to differentiate specific delays in cognitive and language development or in fine and gross motor development, which are important for determining appropriate intervention services. A systematic review reported that the ability of the MDI to predict later functioning in preterm populations was variable, indicating a moderate correlation with general cognitive function in preschool-/ school-aged children (meta-analysis of 14 studies: r = 0.61; range: 0.39-0.72) and inconsistent associations with language function in preschool-aged children (3 studies; range: 0.23-0.68). 3 The most recent edition, the Bayley Scales of Infant and Toddler Development, Third Edition (Bayley-III), 4 has been restructured to include index scores for cognitive, language, and motor domains. The standardization of the 3 editions of the Bayley scales was conducted in a US population and for the Bayley-III included 10% with developmental problems reflecting the general population. 4 It was hoped that changes in the Bayley-III test structure and restandardization would improve its capacity to identify specific developmental problems in high-risk infants, such as those born preterm. Unfortunately, initial reports suggest that the Bayley-III underestimates rates of developmental delay in preterm and term-born infants across cognitive, language, and motor domains. [5] [6] [7] [8] [9] [10] In light of these reports, it is important to assess the Bayley-III's capacity to predict later cognitive, language, and motor impairments.
In children born ,30 weeks' gestational age (GA) the Bayley-III Motor scale at 24 months underestimates motor impairment at 4 years, 8 and the Expressive and Receptive Language subscales at 3 years underestimate the prevalence of language impairment at 5 years. 11 In the current study we aimed to evaluate the sensitivity and specificity of the Bayley-III Cognitive and Language scales at 24 months for predicting impairments in general cognitive, verbal, and nonverbal functioning at 4 years in children born very preterm (VP).
METHODS

Participants
The VP cohort was recruited for a randomized controlled trial (RCT) of a home-based preventive care program. [12] [13] [14] Infants born ,30 weeks' GA were recruited from the Royal Women's and the Royal Children's hospitals in Melbourne, Australia, from January 2005 to January 2007. Exclusion criteria included having a congenital brain anomaly, family not living within a 100-kilometer radius of the hospital, or non-English speaking family. Participants were assessed at 24 months' corrected age (CA) when they completed the Bayley-III and at 4 years' CA when they completed the Differential Ability Scale, Second Edition (DAS-II). 15 There was little evidence of difference in cognitive performance between intervention and control groups at the 24-month or 4-year follow-ups 12, 13 ; therefore, the data for the 2 groups were combined in the current study.
A local reference group of term-born children ($37 weeks' GA) was used to define developmental delay in the VP children for the Bayley-III, which acknowledges that Australian children perform above the current test norms. 5 We also used the test norms to define developmental delay, which is how the Bayley-III was intended to be used. The local reference group for the Bayley-III comprised 220 term-born infants recruited at birth in 2005 as part of a prospective longitudinal cohort study, 202 (92%) of whom participated in the 24-month followup. 5 The Human Research Ethics Committee of the Royal Children's Hospital approved the 24-month and 4-year follow-up studies of the VP children in the RCT and the local reference group at 24 months. Parents provided written informed consent before participation.
Assessment of Cognitive Function
Bayley-III
At 24 months, children were assessed using the Bayley-III 4 
DAS-II
At 4 years, children were assessed using the DAS-II 15 by a psychologist blinded to the child's history. The DAS-II comprises a collection of subtests that assess general reasoning and conceptual abilities, which are used to generate a summary measure that is similar to IQ (general conceptual ability [GCA]). Additional summary indices include the Verbal index, which estimates acquired verbal concepts and knowledge, and the Nonverbal Reasoning index, which estimates complex nonverbal, inductive reasoning requiring mental processing. Age-standardized scores were calculated for each outcome by using test norms (mean = 100; SD = 15). "Mild/moderate impairment" was classified as scores ,85, and "moderate impairment" as a score ,70.
Statistical Analyses
Statistical analyses were performed by using Stata 13 (Stata Corp, College Station, TX) and SPSS 22 (IBM SPSS Statistics, IBM Corporation, Armonk, NY). The association between continuous scores on the Bayley-III Cognitive and Language scales at 24 months and the DAS-II GCA, Verbal, and Nonverbal Reasoning indices at 4 years was assessed by using linear regression models. Regression models were fitted with the use of generalized estimating equations to allow for the nonindependence of observations from twins/triplets, by using an exchangeable correlation structure, which assumes within a cluster any 2 observations are equally correlated. Results are presented as regression estimates and 95% confidence intervals (CIs) from separate regression models for each predictor/outcome relationship based on robust SEs, which are valid even if the assumption regarding the correlation structure is not correct. Sensitivity, specificity, and positive and negative predictive values along with 95% CIs were used to assess the mild/moderate and moderate developmental delay classifications on the Bayley-III scales for predicting mild/moderate and moderate impairment on the DAS-II indices. The association between the Bayley-III Language scale and the DAS-II Nonverbal Reasoning index was not examined because these measures estimate different domains. Receiver operating characteristic (ROC) curves were used to identify the optimal cutpoints (based on the best combination of sensitivity and specificity) on the Bayley-III scales for predicting mild/moderate impairment and moderate impairment on the DAS-II indices. The area under the curve (AUC) and its 95% CI were calculated for each ROC curve and are presented with P values testing the null hypothesis that AUC equals 0.50, which represents no relationship between the 2 scores.
RESULTS
Characteristics of the Sample
At 24 months' CA, 115 of the 120 VP infants enrolled in the RCT completed the Bayley-III (3 infants died, 2 withdrew), and 105 of these completed the DAS-II at the 4-year follow-up and are included in the current analyses (9 additional children withdrew or could not be contacted, 1 did not complete the full assessment). A small number of children did not complete all Bayley-III and DAS-II subtests, and it was therefore not possible to calculate the scales and indexes for all 105 children. The mean CA of the VP group at the 24-month follow-up was 24.8 months (SD = 1.0) and at the 4-year follow-up was 53.2 months (SD = 3.1). The perinatal and demographic characteristics were similar between the VP children who did and did not complete the DAS-II ( Table 1 ). The local term-born reference group at 24 months (mean CA = 24.6 months; SD 2.0) who had Bayley-III data (n = 190) comprised 89 (45%) boys and 60 (31%) with higher social risk. The VP and local 
Percentages are based on those with available data. IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia. a Social Risk Index 16 scores range from 0 to 12 (higher scores reflect greater risk) and are based on family structure, primary caregiver education, primary income earner employment status and occupation, language spoken at home, and maternal age at birth of the child. Results reported are based on 93 children with social risk data collected at 4 years. There were no data available on social risk for those who did not attend the 4-year assessment.
term-born reference groups were similar for age and gender at the 24-month follow-up, but not for social risk status. any index on the DAS-II at 4 years. By using local reference data, the sensitivity of mild/moderate delay (,95) on the Cognitive scale for predicting mild/moderate impairment on the DAS-II indices was higher, but specificity was lower than when using the test norms. The sensitivities of moderate delay (,85) on the Cognitive scale for predicting moderate impairment on the DAS-II indices were reasonable, but the CIs were wider than for mild/moderate delay ( Table 2 ).
Predictive Ability of the Bayley-III Language Scale
Higher Bayley-III Language scale scores at 24 months were associated with higher DAS-II GCA and Verbal indices at 4 years: GCA regression coefficient = 0.45 (95% CI: 0.26-0.65; P , .001; variance explained = 20%) (Fig 2) ; Verbal regression coefficient = 0.50 (95% CI: 0.29-0.71; P , .001; variance explained = 28%). The sensitivity of mild/moderate delay (,85) on the Language scale for predicting mild/moderate impairment on DAS-II GCA and Verbal indices was low and specificity was high ( Table 3 ). The sensitivity of the moderate delay (,70) on the Language scale for predicting moderate impairment on the DAS-II indices was low, although specificity was 100%. By using local reference data, the sensitivity of mild/moderate delay (,94) on the Language scale for predicting mild/moderate impairment on the DAS-II indices was improved, but specificity was lower compared with using the test norms. The sensitivity of the moderate delay (,79) on the Language scale for predicting moderate impairment on the DAS-II indices was low, although specificity was high (Table 3) .
Overall, the positive predictive values of the Bayley-III Cognitive and Language scales at 24 months for predicting impairment on DAS-II indices at 4 years were lower than the negative predictive values. When local term-born reference data were used compared with test norms, the positive predictive values were lower, reflecting the increasing number of false positives identified by using a higher cut-point.
Optimum Cut-points for Bayley-III Cognitive and Language Scales as a Predictor of Impairment on the DAS-II Indices From ROC Curves
The optimum cut-points for the Bayley-III scores and AUCs are shown in Table 4 . The cut-points from the ROC curves were always closer to, and sometimes the same as, those from the local term-born reference data than they were to the Bayley-III normative cut-points. In each case, there was strong evidence of an association between delay on the Bayley-III and impairment on the DAS-II (all P , .05). 3 The developmental delay classifications of the Bayley-III Cognitive and Language scale scores for predicting future cognitive, verbal, and nonverbal reasoning impairments had concerning low levels of sensitivity, but high specificity, which is consistent with previous research on the Bayley-III scales 8, 11 and other early developmental tools. 17 The use of local term-born reference data to determine developmental delay on the Bayley-III improved sensitivity, and cut-points were more consistent with those obtained from ROC curve analysis than those from the Bayley-III normative data. This pattern of results suggests that the Bayley-III cut-points for developmental delay might be too low and could be more useful if cut-points were higher, which is consistent with the suggestion of recent investigations by other groups. 18 The Cognitive scale was equally associated with future verbal and nonverbal reasoning. A previous study in very low birth weight (,1500 g) children using the BSID MDI at 24 months reported higher sensitivity compared with our results (62%; 95% CI: 44-77%) and a similar level of specificity (89%; 95% CI: 79-95%) for predicting general intellectual functioning at 3.5 years by using the mild/moderate delay classification and low sensitivity (37%; 95% CI: 18-61%) and high specificity (97%; 95% CI: 91-99%) by using the moderate delay classification. 19 The Bayley-III Cognitive and Language scale average scores were high (96.8 and 96.9, respectively) and rates of developmental delay with the use of test norms were low in our cohort of VP children at 24 months (mild/moderate delay: 11% and 21%, respectively; moderate delay: 1% and 2%, respectively). Higher rates of delay on the Cognitive and Language scales were observed when local term-born reference data were used to determine cut-points (mild/ moderate delay: 35% and 38%, respectively; moderate delay: 11% and 16%, respectively). Our group has previously reported underestimation of the rates of delay
DISCUSSION
FIGURE 2
Scatterplots of the Bayley-III Language scale score at 24 months against the DAS-II indices at 4 years, with fitted regression line. The size of the circles reflects the number of children with the same score on both measures. A, DAS-II GCA (n = 99); B, DAS-II Verbal (n = 100). 6, 7, 9 and lower rates of delay 6,9,20 compared with earlier versions on the BSID-II MDI scores and higher rates of delay when using local term-born reference data to calculate cut-points for classifying the level of delay. 5, 6 Importantly, the current study contributes to this body of research by revealing discordance between developmental delay on the Bayley-III and later cognitive impairment. We observed higher rates of delay on the Bayley-III Language scale than with the Bayley-III Cognitive scale, almost twofold, which is consistent with some studies in preterm populations, 5, 9 and in contrast to other studies. 20, 21 Our study findings should be considered in the context of some limitations. Although the Bayley-III was not designed to predict future cognitive functioning, understanding its predictive ability is crucial because it is often used across research and clinical settings in this way. Developmental assessments such as the Bayley-III are designed to assess developmental delay, and there is an expectation that some children who are delayed will show catch-up to their peers; therefore, modest agreement between Bayley-III and later IQ measures is to be expected. We assessed VP children at 24 months on the Bayley-III; however, its capacity to predict future functioning could vary with age at assessment, limiting the generalizability of our findings. A potentially stronger association between the Bayley-III Language scale and later language functioning might be revealed if a more comprehensive assessment of language was performed at the 4-year follow-up. Our findings suggest that DAS-II indices also underestimate impairment when using test norms, as evidenced by the mean scores and rates of impairment of the VP cohort and the local term-born reference group. Another possible limitation is that the study sample was part of a clinical trial and may not represent all infants born ,30 weeks' GA.
CONCLUSIONS
Although the Bayley-III Cognitive and Language scales at 24 months are associated with cognitive functioning at 4 years, developmental delay on these scales has low sensitivity in predicting later impairment. The use of local term-born reference data improved the identification of children destined to have later intellectual impairment. ROC analysis identified optimum cut-point scores for the Bayley-III that were more consistent with using local term-born reference data than with using the normative data for the Bayley-III. The clinical implications of these findings are that some at-risk children seen at 24 months are not being classified as delayed on the Bayley-III and accordingly might not receive the level of monitoring or early intervention that is warranted. 
